investigate whether these polymorphisms were associated with susceptibility to PE in a Chinese Han population. In this present study, we collected these data of experimental and clinical from above studies for haplotype analysis of inflammation-related SNPs in 631 PE patients and 720 normal pregnancy and oxidative stress-related SNPs in 342 PE patients and 457 normal pregnancies for susceptibility to PE. The data of genotype distribution and allele frequency comparisons after correction for multiple comparisons (P/8 or P/10) showed 2 among the 8 candidate inflammation-related SNPs have significant differences (rs2027432 genotype χ 2 = 407:377, p < 0:001, p < 0:00625). Moreover, the minor alleles of rs2027432 T (minor allele χ 2 = 450:923, p < 0:001, p < 0:00625 ; OR = 21:439, 95%CI = 15:181-30:278) and rs4819554 G (minor allele χ 2 = 163:465, p < 0:001, p < 0:00625 ; OR = 5:814, 95%CI = 4:380-7:719) were confirmed as risk allele of PE, respectively. Our analysis revealed rs2027432 (TT) of NLRP3 and rs4819554 (GG) of IL-17RA are risk factors for PE. However, no significant difference was found at the oxidative stress-related SNPs. In the candidate loci for oxidative stress, we also identified 3 SNP matches (rs4807542 and rs713041, rs230813 and rs75799, rs1004467 and rs3824755) that had high linkage disequilibrium (LD) with each other and were selected as a block (r 2 = 0:98, r 2 = 0:97, r 2 = 0:97, r 2 > 0:9), and the GT and GC haplotypes of rs4807542 and rs713041 in GPX4 showed significant differences between the PE and control groups (χ 2 = 5:143, p = 0:0233, p < 0:05 ; χ 2 = 6:373, p = 0:0116,
Introduction
Preeclampsia (PE) is a serious complication of pregnancy characterized by hypertension and proteinuria after 20 weeks of gestation [1] . It can be accompanied by abnormal changes in the heart, lung, liver, kidney, and other vital organs or the blood system, digestive system, nervous system, and placenta-fetal interface, and thus is a major cause of morbidity and mortality in maternal and fetal medicine [2, 3] . The incidence of PE is estimated to be 3-5% of pregnancies worldwide [4] , but 8.1% in developing countries, which the mortality rate for mothers can reach 22.0% [5] . The clinical symptoms of PE are reflected in three aspects; the first involves placental perfusion dysfunction followed by a systemic inflammatory response, the second is vascular endothelial damage, and the last is oxidative stress [1] . These placental factors are released into the maternal body and cause the clinical symptoms of PE [6] . Although studies in recent years have suggested that oxidative stress, inflammatory stimuli, vascular endothelial dysfunction, the immune response, and genetic susceptibility are involved in the development and progression of PE [7, 8] , the etiology and mechanism remain elusive. Th1/Th2 immune status keeps in a steady immune status and plays an important role in normal pregnancy [9] . Th2 cells underlie immune responses mediated by interleukin-(IL-) 4, IL-5, IL-13, and IL-10, whereas Th1 cells are involved in the inflammatory response through interferon-γ (IFN-γ) and IL-2 [10] . Th1 cytokines IL-2, TNF-α, and IFN-γ are significantly increased, while Th2 cytokines IL-4 and IL-10 are significantly reduced PE patients [11] . Obviously, T lymphocytes are inclined toward Th1 cells and produce an increase in Th1 cytokines and a decrease in Th2 cytokines in PE [9, 12] . This unbalanced immunotolerance causes inflammatory cells to be overactive, adheres to the vascular endothelium, and releases inflammatory factors, such as IL family members and the inflammasome, which eventually abnormally remodels the vascular endothelium to cause PE. Overactivation of Th1 cells after combination of IL-33 and IL-1 not only increase the inflammatory response mediated by Th1 but also induce Th1 cells to release IL-12. IL-12 synergizes with IL-27 to induce native CD4 T + cells to produce increased IFN-γ, which leads to the occurrence of PE [13] [14] [15] . In addition, IL-1, bound by the IL-1 receptor family member ST2, initiates NF-κB signaling [16] , in which NLRP3, as the core of the inflammatory reaction, plays important roles in the development of PE [17] . Fu et al. indicated that uncontrolled Th17 cells can expand the role of inflammation and tissue damage mediators via IL-17 and IL-22 in PE [18] .
Normally, the effect of reactive oxygen species (ROS) can be counteracted by antioxidants, such as glutathione and enzymes, including glutathione S-transferases (GSTs), glutathione peroxidases (GPXs), and cytochrome b-245 alpha chain (CYBA) [19, 20] . Oxidative stress is defined as an imbalance between oxidants and antioxidants in the body in which oxidation is more prone to occur and may be involved in the development of PE [7] . Oxidative stress can also participate in the NF-κB pathway and release inflammatory factors and adhesion molecules, leading to the occurrence of PE [21] .
Because genetic factors are involved in the development of PE, in this study, we examined single-nucleotide polymorphisms (SNPs) and haplotypes in inflammation-and oxidative stress-associated candidate genes (inflammation genes IL-22, IL-27, NLRP3, IL-17, and IL-1; oxidative stress genes GSTP1, GPX, COMT, NQO1, SEEP1, CYP17, and CYBA) for susceptibility to PE in a Chinese Han population based on our previous study.
Materials and Methods
2.1. Study Population. All PE patients were diagnosed according to guidelines (2015) [22] . The exclusion criteria consisted of chronic hypertension, fetal death, multiple pregnancies, uterine malformation, placental abruption, infection, cancer, in vitro fertilization treatment, gestational diabetes mellitus (GDM), and renal disease or any other potential risk factors for hypertension, including rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE). The control group included women who had no clinical history of PE, with full-term pregnancies and without multiple births, fetal disorder, or any other pathological states. In this present study, a total of 973 patients and 1177 controls were selected from our previous study. That is to say we collected these data of experimental and clinical for the same subjects based on our previous studies for genetic analysis of inflammation-related SNPs in 631 PE patients and 720 normal pregnancy and oxidative stress-related SNPs in 342 PE patients and 457 normal pregnancy for susceptibility to PE in Chinese Han women. The research project was approved by the Ethics Committee of the Affiliated Hospital of Qingdao University.
2.2. PCR Amplification/Genotyping. DNA was extracted from peripheral venous blood samples and stored at -20°C. Genotyping of 8 and 10 candidate SNPs related to inflammatory and oxidative stress, respectively, (Tables 1 and 2 ) was performed using predesigned TaqMan allelic discrimination real-time PCR followed by partial validation by Sanger sequencing. All women who were genotyped were retrospectively confirmed from our previous studies [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] .
2.3. Haplotype Analysis. Haplotype analysis was predicted from genotype data by the computer program Haploview 4.2. Only women with all SNPs successfully genotyped were included in the haplotype analysis (n inflammation = 799; n case = 342, n controls = 457; n oxidative stress = 1351; n case = 631, n controls = 720). were confirmed as risk allele of PE, respectively. According to Table 1 , there were no significant differences in the remaining candidate SNP loci (rs2227485: for genotype, p = 0:552, Table 2 shows the results of oxidative stress-related genotype distribution and allele frequencies in PE and control groups. After correction for multiple comparisons (P/10), there was no significant difference at the oxidative stress-related SNPs among 10 groups, although the SNP rs713041 with a C/T polymorphism, the T allele looks like a risk allele for predisposition to PE (minor allele χ Similarly, for all other SNPs in Table 2 , there were no significant differences in the remaining SNP loci between PE and control groups (rs1695: for genotype, p = 0:642, Tables 1 and 2 genotype distribution and allele frequency comparisons, the statistical significance after correction for multiple comparisons (P/8 or P/10) is set at p < 0:00625 or p < 0:005. Other than that, statistical significance was set at p < 0:05. Additionally, linkage disequilibrium blocks and haplotype association risk analyses were conducted using the Haploview 4.2 program.
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Results
Demographic and Clinical Characteristics of the Study
Population. The demographic and clinical characteristics of the PE cohort and normal pregnant women in the inflammation and oxidative stress groups are shown in Table 3 . No difference was observed in maternal age, gravidity, or number of abortions among the PE and control groups (all p > 0:05).
The PE group had a higher prevalence of preterm birth, and the gestational age at delivery was lower than that of the control group (p < 0:001). The birth weight of newborns in the PE group was lower than that of the control group (p < 0:001). The systolic and diastolic blood pressure values of the PE group were significantly higher than those of the control group (p < 0:001). As shown in Table 3 , the number of white blood cells in the PE group was significantly higher than that in the control group (p < 0:001). In the inflammatory group, the PE group had higher neutrophil counts than the control group (p = 0:015); however, no significant difference was found in the neutrophil counts for the oxidative stress group (p = 0:130). Tables 1 and 2 . Table 1 shows the inflammation-related genotype distribution and allele frequencies in the PE and control groups. Significant differences were observed for the 2 SNPs among the PE and control groups (rs2027432 genotype χ 2 = 407:377, p ≤ 0:00625). Moreover, the minor alleles of rs2027432 T (minor allele χ 2 = 450:923, p < 0:001, p < 0:00625; OR = 21:439, 95% CI = 15:181-30:278) and rs4819554 G (minor allele χ 2 = 163:465, p < 0:001, p < 0:00625; OR = 5:814, 95%CI = 4:380-7:719) were confirmed as risk alleles for PE. According to Table 1 , no significant differences were observed in the remaining candidate SNP loci (rs2227485, rs153109, rs17855750, rs2275913, rs763780, and rs13015714).
For the oxidative stress-related genotype distribution and allele frequencies in the PE and control groups, there was no significant difference at the oxidative stress-related SNPs among 10 groups, although the SNP rs713041 with a C/T polymorphism, the T allele looked like a risk allele for predisposition to PE (minor allele χ 2 = 5:322, p = 0:021, p < 0:05 ; OR = 1:196, 95%CI = 1:027-1:393). Similarly, for all other SNPs in Table 2 , there were no significant differences in the remaining SNP loci between PE and control groups.
To further investigate the relationship between the genetic distributions of the PE and control groups, we compared 3 SNPs (rs2027432, rs4819554, rs713041) based on PE classification and staging. First, we divided PE patients into mild and severe PE groups [35] . Table 4 shows the genetic distributions of the mild/severe PE and control groups. The results showed a significant difference in the genetic distribution of rs2027432 in NLRP3 among the mild/severe PE and control groups (mild PE vs. control: for genotype, p < 0:001, for allele, χ 2 = 101:849, p < 0:001, OR = 31:959, 95%CI = Table 4 shows a strong Table 4 , it also showed that there was a strong association in the genetic distributions of rs713041 in GPX4 between severe PE and control groups (for allele, Table 5 shows that there existed a strong association in the genetic distributions of rs2027432 in NLRP3 between early-onset PE and control groups, late-onset PE and control groups (early-onset PE vs. control: for genotype, p < 0:001, for allele, χ Table 5 , it also showed that there was a strong association in the genetic distributions of rs713041 in GPX4 between early-onset PE and control groups (for genotype, p = 0:018, for allele, χ 2 = 7:280, p = 0:007, OR = 1:329, 95%CI = 1:081-1:636). Early-onset PE was diagnosed before 34 weeks of gestation, and PE diagnosed at or after 34 weeks of gestation was considered late-onset PE [36] . Table 5 shows a strong association in the genetic distribution of rs2027432 in NLRP3 between the early-onset PE and control groups and between the late-onset PE and control groups (early-onset PE vs. control: for genotype, p < 0:001, for allele, χ Table 5 also shows a strong association in the genetic distribution of rs713041 in GPX4 between the early-onset PE and control groups (for genotype, p = 0:018, for allele, χ 2 = 7:280, p = 0:007, OR = 1:329, 95%CI = 1:081-1:636).
LD and Haplotype Analysis.
To further examine the association of the candidate SNPs between the PE and control groups, we estimated the LD and haplotype using Haploview 4.2; rs153109 and rs17855750 (IL-27) and rs2275913 and rs763780 (IL-17) were in low LD with each other (r 2 = 0:49 and r 2 = 0:43, r 2 < 0:8, Figure 1 . Inflammation-LD plot). We also estimated the LD and haplotype of the oxidative stress-related candidate SNPs. Three SNPs had strong correlations; rs4807542 and rs713041 (GPX4), rs230813 and rs75799 (SEPP1), and rs1004467 and rs3824755 (CYP17A1) were in high LD with each other and were selected as a block (r 2 = 0:98, r 2 = 0:97, r 2 = 0:97, r 2 > 0:9, Figure 2 . Oxidative stress-LD plot). rs713041 in GPX4 exhibited high LD (r 2 = 0:98) with rs4807542, and both were significantly associated with PE. Table 6 shows the haplotype associations of oxidative stress-related SNPs between the PE and control groups, and two polymorphisms were found (rs4807542/ rs713041), indicating that the two primary haplotypes were significantly different. The GT and GC haplotypes from block 1 exhibited the following distribution: 44.6% GT (rs4807542/ rs713041), 44.3% GC, and 11% AC. Significant differences in the GT and GC haplotypes were found between the PE and control groups (χ 2 = 5:143, p = 0:0233, p < 0:05 ; χ 2 = 6:373, p = 0:0116, p < 0:05), whereas no differences were found for the remaining haplotypes.
Discussion
PE is one of the most common and severe obstetric complications and is characterized by a state of excessive inflammatory Figure 2: Oxidative stress-LD plot. We estimated the LD and haplotype using Haploview 4.2. Three SNPs had strong correlations; rs4807542 and rs713041(GPX4), rs230813 and rs75799 (SEPP1), and rs1004467 and rs3824755 (CYP17A1) were in high LD with each other and were selected as a block (r 2 = 0:98, r 2 = 0:97, r 2 = 0:97, r 2 > 0:9, t). rs713041 in GPX4 exhibited high LD (r 2 = 0:98) with rs4807542, and both were significantly associated with PE. 7 Journal of Immunology Research and oxidative stress. In the second trimester of pregnancy, Th cells play a significant role in the development of PE [10] . Previous studies have indicated that PE is an excessive inflammatory response and associated with a Th1/Th2 immune imbalance in the maternal body. Normal pregnancy associated with a mild inflammatory Th2-based state favors the maternal and fetal environment. In contrast, PE is a proinflammatory state characterized by a Th1-based state [10, 14] . Many studies also suggested that PE may be due to an increase in Th17 cells and a decrease in Treg cells [10, [37] [38] [39] . As the core of the inflammatory response, NLRP3 can be activated by many danger signals to exert an immune response to promote the development of PE [17] . IL-27 regulates the differentiation of T cells in the initial stage and plays a crucial role in promoting T1 differentiation and enhancing the activity of T1 cells [40] . Moreover, IL-27 can inhibit the differentiation of Th17 cells by inhibiting the polarization of naive CD4 + T cells [41] ; in this case, IL-27 induces a variety of biological activities, which may cause the inflammatory response to induce the occurrence of PE [18, 42] . IL-27 promotes Th1 cell differentiation and activity by participating in Th initial differentiation [40] and inhibits Th2 and Th17 activation [41, 43] . The imbalance of Th1/Th2 and Th17/Treg may lead to maternal in the PE susceptibility state. The most important role of IL-17 is to amplify the inflammatory reaction of small vascular endothelial cells, which damages vascular endothelial cells, increases the permeability of blood vessels, and results in the release of a large number of oxygen free radicals. IL-22 combined with IL-22R to activate the JAK1 (mobile kinase IL22R1), Tyk2 (mobile kinase IL10R2), and multiple biological pathways, such as AKT, P38, JNK, and ERK1/2, by phosphorylation of serine and tyrosine in STAT 1, 3, and 5, which finally keeps immune homeostasis [44] . A research found the higher level of IL-22 in the PE mother and newborn cord blood compared with controls [45] .
Normally, the effect of ROS can be counteracted by antioxidants, including glutathione and enzymes, such as GSTs, GPXs, CYBA, NQO1, SEEP1, and superoxide dismutase [19, 20] . As a selenoprotein, GPX4 exhibits high antioxidant activity in the body to repress the development of oxidative stress, which promotes the development of PE [46] . In addition, polymorphisms of GPX4 may affect the expression and antioxidant activity of GPX4 [47] . COMT plays a crucial role in the degradation of both catecholamines and estrogens [48] . During oxidative stress which is an imbalance between oxidants and antioxidants in the body, oxidation is favored, leading to increased inflammatory infiltration and protease secretion. Additionally, activation of the inflammatory response and oxidative stress in the placenta is closely related to the occurrence of PE.
As PE is a complex multigene hereditary disease that was not only associated with many cytokine candidate genes, such as IL-1 [32, 49] , IL-17, IL-22 [39] , NLRP1 [50] , and vascular-associated genes [51] but also associated with many oxidative stress genes such as GSTs, GPXs, CYBA, NQO1, and SEEP1 [46, [52] [53] [54] [55] [56] [57] [58] . In the published previous studies, we have genotyped for SNPs that related to inflammation (rs2227485, rs153109, rs17855750, rs2027432, rs2275913, rs763780, rs4819554, and rs13015714) and oxidative stress (rs1695, rs4680, rs1800566, rs4807542, rs713041, rs7579, rs230813, rs1004467, rs3824755, and rs9932581) to investigate whether these polymorphisms were associated with susceptibility to PE in a Chinese Han population. We found significant difference for the genotype of IL-22 rs2227485 and GPX4 rs713041 associated with the mild, severe, and early-onset PE. Furthermore, the GPX4 rs713041 C allele has the higher risk for pathogenesis of PE [27, 29] . Those that are just single genes without systematic haplotype analysis. Thus, in this present study, we collected these data of experimental and clinical for the same subjects from above studies for genetic contribution and haplotypes of polymorphisms of inflammation-related SNPs in 631 PE patients and 720 normal pregnancy and oxidative stress-related SNPs in 342 PE patients and 457 normal pregnancies for susceptibility to PE in Chinese Han women.
Our study found significant differences in the genetic distributions of rs2027432 in NLRP3, rs4819554 in IL-17RA, and rs713041 in GPX4 between the PE and control groups. We further divided the PE group into mild/severe and early/-late-onset subgroups and compared them with the control group. Significant differences were also found for rs2027432 Apparently, Table 6 indicates the haplotype associations of oxidative stressrelated SNPs between PE and controls; there were two polymorphisms (rs4807542/rs713041) stated two primary haplotypes had significant difference, that is the GT and GC haplotypes from block 1, which produced the following distribution: 44.6% GT (rs4807542/rs713041), 44.3% GC, and 11% AC. Significantly statistical differences were identified in haplotype GT and GC between PE and control groups (χ 2 = 5:143, p = 0:0233, p < 0:05; χ 2 = 6:373, p = 0:0116, p < 0:05), while there were no differences in the rest of haplotypes. 8 Journal of Immunology Research in NLRP3 and rs713041 in GPX4; however, no significant difference was found in the subgroup analysis of rs4819554 in IL-17RA. Our results suggest that the two SNPs, rs2027432 in NLRP3 and rs713041 in GPX4, may be associated with risks for PE in Chinese Han women. Analysis of LD showed that rs153109 and rs17855750 in IL-27 and rs2275913 and rs763780 in IL-17 were in low LD with each other (r 2 < 0:8, Figure 1 . Inflammation-LD plot), indicating that no substitution occurs between them. Unfortunately, no haplotype formation was found in the analysis of inflammatory factors, partly due to an imbalance in the HWE or the scatter position distribution of SNPs. Therefore, such contradictory results suggest that our findings should be validated using large samples that include different countries.
However, we identified 3 SNP matches, rs4807542 and rs713041 (GPX4), rs230813 and rs75799 (SEPP1), and rs1004467 and rs3824755 (CYP17A1), among oxidative stress genes that were in high LD, and significant substitutability with each other was observed. The analysis of haplotype correlation showed that the GT and GC haplotypes in block 1 (rs4807542/rs713041) were significantly different, which suggested that pregnant women carrying the GT and/or GC haplotypes were more likely to suffer from PE. To our knowledge, this is the first study of correlations of inflammation and oxidative stress with PE susceptibility in a Chinese Han population with both an LD and haplotype analysis. However, our findings should be confirmed in individuals of different races and geographic locations. Our previous studies demonstrated that the two SNPs (rs2227485 in IL-22 and s713041 in GPX4) are associated with risks for PE. We found that the rs2227485 in IL-22 showed a significant difference in the allele for the early-onset PE group and the genotype of the late-onset PE and control subgroups. The GPX4 rs713041 allele C was associated with an increased risk for PE in a previous study. Additionally, the rs713041 genotype was associated with the mild, severe, and earlyonset PE. These genes may play a key role in the pathogenesis of PE.
In conclusion, we found that oxidative stress and the inflammatory response may play an inseparable role in the progression of PE, which provides the basis for revealing the genetic mechanism of PE. As few studies have performed a haplotype analysis of candidate genes related to inflammatory cytokines and oxidative stress in PE, further experiments are needed to verify these findings.
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